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ABSTRACT 

Objectives: We examined whether adult stress reactivity accounts for the relationship between early 
life adversity (ELA) and psychological, physical, and cognitive outcomes. 

Methods: We examined the relationship between ELA, stress reactivity, psychological well-being, 
physical health, and cognitive function in two separate datasets - a cross-sectional community sample 
of older adults (V=510) aged 60 and older, and waves I-III of the Midlife in the United States (MIDUS) 
dataset. Age, sex, and income served as covariates in all analyses. Bootstrapped mediation models 
were used to assess recent stress as a mediator between ELA and mid- to late-life outcomes. 
Results: ELA was significantly associated with adult stress, anxiety, depression, health conditions, 
and object cognitive assessments. Adult stress partially accounted for the relationships between ELA 
and depression, anxiety, health conditions, and memory problems. 

Conclusion: Our findings demonstrate that ELA may influence increased stress in older age, which 
confers additional risks for developing depression, anxiety, health problems, and cognitive decline. 
It is possible that intervening on adult stress may reduce risk for both psychological and physical 
pathology across the lifespan. Further research is needed to develop targeted interventions for mid 
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and late-life stress to improve overall health as individuals age. 


The link between early life adversity (ELA), such as childhood 
abuse experiences, household dysfunction, and low socioeco- 
nomic status, and increased risk for adverse emotional, cogni- 
tive, and physical health outcomes across the lifespan is 
well-established in the literature. For example, ELA is associ- 
ated with greater vulnerability to heart disease and immune 
system dysregulation (Miller, Chen, & Parker, 2011; Shonkoff, 
Boyce, & McEwen, 2009), worse cognitive outcomes in late-life 
(Hostinar, Stellern, Schaefer, Carlson, & Gunnar, 2012; Short & 
Baram, 2019), and mood and anxiety disorders (Green et al., 
2010; Rao et al., 2010). Further, ELA may disrupt biobehavioral 
and neurodevelopmental processes associated with healthy 
physiological and emotional reactivity to stress (Lovallo et al., 
2013; Luby, Barch, Whalen, Tillman, & Belden, 2017). Disruptions 
to these early developmental processes may decrease stress 
vulnerability thresholds, thereby impacting stress appraisals 
and emotion regulation across the lifespan (Dich et al., 2015; 
Duffy, McLaughlin, & Green, 2018). Studies demonstrate that 
significant early life events and stressful experiences later in 
life have a cumulative impact on mid- to late-life outcomes; 
however, the exact mechanism by which ELA impacts mid- to 
late-life outcomes throughout the life course is relatively 
unknown (see Ferraro, Schafer, & Wilkinson, 2016; McCrory, 
Dooley, Layte, & Kenny, 2015; Vannorsdall & Munro, 2017). 
Theories of stress and disease, such as allostatic load, high- 
light the interaction between individual vulnerability, environ- 
mental stressors, and repeated emotional and physiological 
responses to stress in the etiology of disease (McEwen, 1998, 
2004, 2013; McEwen & Akil, 2020; McEwen & Wingfield, 2003). 
Further, chronically elevated emotional responses to stress, or 
emotional stress reactivity, throughout the lifespan is known 
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to increase the risk of poor physical, psychological, and cogni- 
tive outcomes ( Charles, Piazza, Mogle, Sliwinski, & Almeida, 
2013; McLaughlin et al., 2010; Swartz, Knodt, Radtke, & Hariri, 
2015). Thus, emotional stress reactivity may serve as a potential 
mechanism underlying the relationship between ELA and mid- 
to late-life outcomes. In the present study, we examined emo- 
tional stress reactivity in middle-aged and older adults as a 
potential pathway between ELA and adverse health, psycho- 
logical, and cognitive outcomes. 


ELA, depression, and anxiety 


Exposure to ELA is associated with an increased risk of internal- 
izing psychopathology (i.e. anxiety and depression) across the 
lifespan (Li, D'Arcy, & Meng, 2016; Lindert et al., 2014). Early studies 
using the Adverse Childhood Experiences Study demonstrated 
a relationship between ELAs and risk for depression, suicide 
attempts, and alcoholism in adults aged 18 and older (Dube etal., 
2001). Individuals who experienced four or more adverse child- 
hood experiences (e.g. poverty, sexual abuse, and emotional 
neglect) were over four times more likely to experience chronic 
depressed mood in adulthood (Felitti et al., 1998). Recent studies 
also highlight a graded, or cumulative effect of ELA on psycho- 
logical outcomes (Tracy, Salo, Slopen, Udo, & Appleton, 2019; Van 
Assche, Van de Ven, Vandenbulcke, & Luyten, 2020; Wolf & 
Suntheimer, 2019). For example, findings from the National 
Comorbidity Surveys study showed a graded association between 
the number of ELAs and the prevalence of anxiety and mood 
disorders in adulthood (Sachs-Ericsson, Sheffler, Stanley, Piazza, 
& Preacher, 2017). Further, ELA also appears to have a long-lasting 
impact on late-life psychological health. 
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Older adults who experience ELA also demonstrate a higher 
prevalence of psychopathology in late-life than older adults 
who did not experience ELA. In a sample of older adults, the 
presence of traumatic events in childhood and the number of 
ELA’s experienced by an individual predicted current anxiety 
and depression (Van Assche et al., 2020). In fact, ELA is linked 
to increased risk for a range of psychological disorders in late- 
life (Rhee, Barry, Kuchel, Steffens, & Wilkinson, 2019). Rhee et al. 
(2019) found that the presence of ELA in older adults was asso- 
ciated with higher rates of mood and anxiety disorders, sub- 
stance use disorders, and a higher number of lifetime suicide 
attempts. Thus, the detrimental, cumulative effects of ELAs on 
later psychopathology highlight the need for preventative inter- 
ventions to promote healthy aging. 


ELA and physical health conditions 


ELA significantly increases the risk for a range of physical health 
conditions, increased healthcare utilization, as well as increased 
morbidity and premature mortality (Gilbert et al., 2015; Kalmakis 
& Chandler, 2014). Early work in this area demonstrated a graded 
relationship between ELA and risk for chronic health conditions 
(i.e. coronary heart disease and diabetes), such that the number 
of adversities experienced is associated with increased risk for 
multi-morbidity (Felitti et al., 1998). In addition to increasing 
risk for multi-morbidity, recent research suggests that ELA is 
also associated with earlier onset of chronic health conditions, 
mainly when the ELA involves direct violence exposure 
(McLaughlin et al., 2016). 

A growing body of literature also suggests that ELA can 
impact healthy biological and cognitive aging (Hdltge, Mc Gee, 
&Thoma, 2019; Short & Baram, 2019); however, the mechanisms 
by which ELA impacts late-life outcomes are still relatively 
unknown. Recent findings suggest a dose-response relationship 
between an increasing number of ELAs and a higher likelihood 
of poor general health, activity limitation, and chronic disease 
morbidity in older adults (Chanlongbutra, Singh, & Mueller, 
2018). Further, the economic burden of long-term physical care 
increases significantly for adults exposed to ELA (Heckman, 
2006). Thus, understanding modifiable factors that reduce the 
risk of disease and lessen disease severity may be especially 
critical in middle and older-aged adults. 


ELA and cognitive outcomes 


Relatively little is known about the association between ELA 
and cognitive functioning in adulthood. There is some evidence 
that suggests possible executive function impairment in ado- 
lescence attributable to specific ELAs, including physical abuse 
and neglect (Hostinar et al., 2012; Sheridan, Peverill, Finn, & 
McLaughlin, 2017). Additionally, abuse and neglect may con- 
tribute to verbal learning deficits, poor working memory, and 
poor episodic memory in young and older adults (Berthelot 
et al., 2015; Danese et al., 2017; Dannehl, Rief, & Euteneuer, 
2017). Thus, the presence of ELA may initiate a life-course cas- 
cade of damaging cognitive consequences, which ultimately 
have broader impacts on multiple areas, such as episodic mem- 
ory and executive function (Nurius, Green, Logan-Greene, & 
Borja, 2015; Su, D'Arcy, Yuan, & Meng, 2019). Few studies to date 
have looked at the long-lasting impact of cumulative ELA on 
cognitive function, and the underlying mechanisms are not well 
established. 


One possible explanation is that early life experiences can 
impact cognitive and brain resiliency, such that individuals with 
a history of ELA may then be more susceptible to developing 
neurodegenerative processes in older ages. Results from recent 
studies suggest that early major traumas, chronic stress, and 
other major stressful life events may result in hippocampal dys- 
function, impaired working and episodic memory, and poor 
executive function in middle-aged and older adults (Barch, 
Harms, Tillman, Hawkey, & Luby, 2019; Bremner, 1999; Lajud & 
Torner, 2015; Stawski, Sliwinski, & Smyth, 2006). Further, in spe- 
cific populations, ELA has specifically been associated with the 
onset of Alzheimer’s disease and age-related cognitive decline 
(Lesuis et al., 2018; Seifan, Schelke, Obeng-Aduasare, & Isaacson, 
2015). While there is support for the negative impact of ELA on 
cognitive domains, physical health, and psychological well-be- 
ing, the mechanism by which this occurs is not known. In the 
present study, we aim to address this gap by examining mid- 
and late-life emotional stress reactivity as a pathway between 
ELA and later pathology. 


Mechanisms of action 


Given the range of outcomes associated with ELA, there are 
multiple theories that help explain why ELA leads to such 
diverse and detrimental outcomes across the lifespan. 
Established theories identify ‘toxic stress, or chronic overexpo- 
sure to stressors that increase emotional stress reactivity. 
Emotional responses to stress result in a cascade of physiolog- 
ical processes that help the body adapt to challenging situa- 
tions (McEwen, 1998, 2007). Over time, repeated emotional 
stress reactivity can increase multi-systemic physiological strain, 
or allostatic load, that disrupts cellular and system level func- 
tioning (Juster, McEwen, & Lupien, 2010; McEwen, 1998 ). Thus, 
ELA may result in a chronic imbalance in the emotional stress 
response resulting in biological changes (e.g. biological embed- 
ding) that have reaching impacts on physical and mental health 
across the life-course (Danese & McEwen, 2012). 
Contemporary theories also highlight functional neural path- 
ways impacted by ELA that can potentially account for the delete- 
rious effects of chronic emotional stress reactivity throughout the 
life course. For example, the neuroimmune network hypothesis 
suggests that both physiological and emotional sensitization of 
the cortico-amygdala regions due to ELA promote increased threat 
sensitivity and emotional stress reactivity across adulthood 
(Nusslock & Miller, 2016). Thus, both allostatic load and the neuro- 
immune network hypothesis suggest that ELA may increase emo- 
tional stress reactivity across the lifespan that is subsequently 
associated with a wide range of negative physical, psychological, 
and cognitive outcomes. If a primary pathway through which ELA 
acts on later outcomes is through increased emotional stress reac- 
tivity across adulthood, then this pathway may act as a modifiable 
target for potential interventions to reduce the risk for psychopa- 
thology, health problems, and cognitive impairments in mid- 
dle-aged and older adults. In the present study, we examined 
whether emotional stress reactivity in middle and older-aged indi- 
viduals may account for the relationship between ELA and later 
outcomes in two distinct samples of middle-aged and older adults. 


Hypotheses 


Based on our theoretical frameworks, we hypothesized that ELA 
is associated with more depression and anxiety symptoms, 


adverse health outcomes, and cognitive problems mid- to late- 
life. We also hypothesized that ELA is associated with greater 
emotional stress reactivity. Finally, we hypothesized that emo- 
tional stress reactivity in middle and older age mediates the 
association between ELA and each of the outcomes we assessed. 
We first established these relationships in a cross-sectional sam- 
ple of older adults. We then investigated these relationships in 
a longitudinal sample of middle-aged and older adults to assess 
the generalizability of our cross-sectional analysis. 


Methods 
Participants 


We used a multi-sample method to examine our hypotheses, 
1) a cross-sectional sample of older adults and 2) a secondary 
analysis of the Midlife in the United States (MIDUS) dataset. 
These samples are described separately below. Of note, both 
samples include individuals under the age of 65, but older than 
45 (middle-aged), as well as individuals over the age of 65 (older 
adults). 


Cross-sectional sample 

Data are drawn from a community-based sample of older 
adults. Participants were recruited through a participant registry 
for older adults who are interested in research, developed and 
managed by [blinded for review]. Participants are recruited for 
the registry at community events, through mailed flyers, and 
through automated voter registry calls. For the current study, 
registry participants (N = 1,500) were sent an email describing 
the study with a link to complete the on-line survey. Participants 
were also recruited through flyers posted in the community. 
Potential participants for the current study were invited via 
email to participate in our survey, which was administered using 
Qualtrics. Participants were aged 54-93years old (M=70, 
SD=5.5). There was a total of 510 survey responses after elimi- 
nating responses with missing data. Only participants with 
complete data on all study variables were included in our 
analysis. 


National sample 

Data were drawn from a sub-sample of the participants who 
completed three waves of the Midlife Development in the 
United States surveys (MIDUS I, MIDUS II, and MIDUS III). The 
MIDUS study is one of the largest, longitudinal investigations 
of aging and health in the United Sates and, thus, an appropriate 
sample for our analysis. The full sample is described below. 


Midus I 

The first wave of MIDUS was collected between 1995 and 1996. 
The primary goal was to examine how social, psychological, and 
behavioral factors influence physical and mental health in mid 
to late life. The full sample comprised four subsamples: (1) a 
national random digit dialing (RDD) sample (n =3,487); (2) over- 
samples from five metropolitan areas in the U.S. (n=757); (3) 
siblings of individuals from the RDD sample (n= 950); and (4) a 
national RDD sample of twin pairs (n= 1,914). MIDUS | included 
7,108 non-institutionalized, English-speaking adults in the con- 
tiguous United States, aged 25 to 74years. Participants com- 
pleted a telephone interview (30min in length) and a mail 
survey that included two self-administered questionnaires, each 
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approximately 45 pages in length. For the current study, ELAs 
and demographic covariates (e.g. age, gender, and income) 
were obtained from the first MIDUS wave. 


Midus II 

The second wave of MIDUS consisted of a follow-up survey ten 
years after the initial wave (V=4,693). MIDUS II consisted of 
several parallel projects, including daily diary, biomarker, cog- 
nitive, and neuroscience studies. The MIDUS II survey and cog- 
nitive datasets were used to establish our emotional stress 
reactivity mediator variable and was the source for outcome 
variables used as covariates in the mediation models (i.e. 
depression, anxiety, health conditions, and the Brief Test of 
Adult Cognition by Telephone [BTACT] total composite score). 


Midus III 

The third wave of MIDUS (N=3,294) consisted of follow up sur- 
veys with baseline and MIDUS II participants between 2013 and 
2016. The MIDUS III response rate was 77% of living participants 
(46.3% of all MIDUS | participants). Specifically, of the original 
sample, 4% were deceased, 1.4%, were physically or mentally 
unable to complete the survey, 5.4% refused, 5.2% were unable 
to be interviewed, 3.5% no longer had a working number, and 
34.2% were not interviewed at MIDUS III due to incomplete 
MIDUS II survey. MIDUS III largely repeated baseline measures 
and included a phone interview and an extensive self-admin- 
istered questionnaire. For the current study, health conditions, 
depressive symptoms, anxiety symptoms, and BTACT total com- 
posite score obtained at Wave Ill were used as outcome vari- 
ables in order to examine the development of new health 
conditions over time. The age range at MIDUS 3 was 46-100 
(M=71.08, SD = 11.38). 


Measures 


Covariates 

We included the participants’ age, self-reported sex (1 =male, 
2=female), and total household income (self-reported numer- 
ical value) for the previous year as covariates in all analyses. 


Early life adversity (ELA) 

In the cross-sectional sample, ELAs were summed to create a 
total ELA score (range 0-10), using an Adverse Childhood 
Experience questionnaire based on Felitti et al. (1998). For exam- 
ple, participants were asked, ‘While you were growing up, 
during your first 18 years of life: Did a parent or other adult in 
the household often... swear at you, insult you, put you down, 
or humiliate you?’ These items assessed different aspects of 
childhood physical, sexual, and emotional abuse, neglect, 
parental psychopathology, divorce, imprisonment, substance 
use, and violence in the home. ‘Yes’ responses were summed 
to create a continuous variable. This variable was winsorized at 
6 to reduce skewness. 

For the MIDUS data, based on the methodology of well- 
noted studies of ELAs (Friedman, Karlamangla, Gruenewald, 
Koretz, & Seeman, 2015; Schafer, Ferraro, & Mustillo, 2011; 
Slopen, Fitzmaurice, Williams, & Gilman, 2010), a total ELAs score 
was created by summing seven items obtained from the MIDUS 
I survey. Items representing ELAs were coded or recoded, such 
that 1 indicated the presence of ELA, whereas 0 represented the 
absence of the specific ELAs. Items included: 1) retrospective 
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report of family financial status in childhood, 2) measures of 
mother and father education levels, 3) parental separation/ 
divorce, 4) death of a parent, and whether the participant expe- 
rienced 5) emotional, 6) physical or 7) severe physical abuse. 
Coding for each of these items is explained in more detail below. 

Retrospective report of family financial status in childhood 
included whether the participants’ family was on welfare 
(1=yes, O=no) and whether they viewed their family as finan- 
cially worse off than others (recoded so that ‘a little worse off’ 
toʻa lot worse off’ were counted as 1 and‘same as average family’ 
to'a lot better off’ were coded as 0). These items were combined 
to create a single measure indicating the participants’ relative 
socioeconomic status in childhood, where a score of 0 indicates 
scores of 0 on both items, and a score of 1 represents a score of 
1 on either (or both) items. Measures of mother and father edu- 
cation levels (coded 1 if both parents received less than a high 
school education and coded 0 if either had a high school 
diploma or higher) were combined to create a single indicator 
of combined parental education to reduce redundancy in the 
ELA score. Finally, parental separation/divorce (coded 1 if yes 
before age of 18, 0 if no), death of parent (coded 1 if parent died 
before the age of 18, and 0 if there was no death), and whether 
the participant experienced emotional, physical or severe phys- 
ical abuse (each coded ‘1K if the participant reported experienc- 
ing any amount of abuse, ‘rarely’ to ‘often’ and 0 if there was‘No 
Abuse’) were included in the ELA count. Each of these items was 
recoded as 0 (absent) or 1 (present) and summed to create an 
ELA score with a possible range of 0-7. 


Emotional stress reactivity 
For the cross-sectional sample, participants were asked to self-re- 
port their emotional reactions to recent stress within the previous 
six months using four items (e.g. ‘how often has stress been a 
problem for you in handling...Your family or social relation- 
ships?’). Responses were rated on a 0 (never or rarely) to 3 (always) 
and summed; the total was winsorized at 7 to reduce skewness. 
In the MIDUS dataset, emotional stress reactivity was 
assessed at wave 2 using the stress reactivity subscale (alpha = 
.74) of the Multidimensional Personality questionnaire (Tellegen, 
1982). It included three items, scored 1 (True of you) to 4 (False). 
Items were reverse coded as appropriate such that higher scores 
indicate higher emotional stress reactivity. Questions included, 
‘My mood often goes up and down; and ‘minor setbacks some- 
times irritate me too much’ 


Outcome variables 


Depression 
In the cross-sectional sample of older adults, we administered 
the Patient Health Questionnaire (PHQ-9; Spitzer, Williams, 
Kroenke, Hornyak, & McMurray, 2000). This measure uses a 
4-point scale, rated 1 (not at all) to 4 (nearly every day), to assess 
symptoms of depression during the past two weeks, such as 
having ‘little interest or pleasure in doing things’ Note, one-item 
related to suicide was removed due to institutional IRB restric- 
tions. The total score was winsorized at 20 to reduce skewness. 
In the MIDUS sample, depression was assessed using the DSM 
IlI-R criteria for major depression and included seven items 
assessing depressed affect and anhedonia (e.g. ‘lose interest in 
most things’ and ‘feel more tired or low on energy than is usual’). 
‘Yes’ responses were summed to create a continuous variable for 
depressed affect and anhedonia symptoms, ranging from 0 to 7. 


Anxiety 

In the cross-sectional sample, anxiety symptoms were assessed 
using a 5-item version of the Beck Anxiety Inventory at MIDUS 
I and MIDUS III (Beck, Epstein, Brown, & Steer, 1988). Participants 
were asked to rate how often in the past week they felt the 
following on a scale of 1 (never) to 4 (most of the time). For 
example, items included, ‘l was nervous, ‘I had fear of the worst 
happening; and ‘I felt my hands trembling’ The total score was 
winsorized at 13 to reduce skewness. 

In the MIDUS data, anxiety was assessed using a 10-item scale 
based on the DSM-III criteria for generalized anxiety disorder at 
MIDUS I and MIDUS III. Participants were asked to rate how often 
in the past 12-months they ‘were restless because of your worry’ 
and ‘were keyed up, on edge, or had a lot of nervous energy’, 
on a scale of 1 (most days) to 4 (Never). Responses of ‘most days’ 
were summed to create a continuous variable (range = 0-10). 


Cognitive functioning 

In the cross-sectional sample, self-reported memory complaints 
were assessed using a 24-item memory complaints question- 
naire (McDougall et al., 2016). Items were rated ona 1 (disagree 
strongly) to 5 (agree strongly) Likert scale and included items 
suchas, ‘the older | get, the harder it is to remember clearly’and 
‘| have no trouble keeping track of my appointments: Items 
were reverse coded as appropriate so that higher scores indi- 
cated more memory complaints. 

In the MIDUS data, cognitive functioning was assessed at 
waves Il and Ill using the brief test of adult cognition by tele- 
phone (BTACT; Tun & Lachman, 2006). This measure was 
designed to assess multiple areas of cognitive functioning that 
are sensitive to the effects of aging. We examined the composite 
score at wave Ill across these domains as our outcome, while 
controlling for the BTACT composite score at wave II. The com- 
posite measure was calculated as the mean of z-scores for the 
five subtests (i.e. word list immediate, digits backward, category 
fluency, number series, backward counting, and word list 
delayed). These were calculated only for individuals with scores 
on all tests. The composite measure has shown good internal 
consistency (alpha = .712). 


Health conditions 
In the cross-sectional sample, participants were asked to check 
any conditions diagnosed by a physician, including high blood 
pressure, cancer, and arthritis. A total of 13 conditions were 
included and summed. This variable was positively skewed (1.21), 
which we addressed by winsorizing the variable at 5 (skew =.37). 
In the MIDUS data, a total of 39 different chronic health prob- 
lems were assessed at MIDUS II and MIDUS III. Participants were 
asked, ‘In the past twelve months, have you experienced or been 
treated for any of the following?’ A list of conditions was then 
presented to the participants, which included: autoimmune 
disorders, bone-related conditions (arthritis, rheumatism or 
other bone/joint diseases; sciatica, lumbago or recurring back- 
ache), cancer, chronic sleeping problems, diabetes/high blood 
sugar, digestive conditions (recurring stomach trouble, indiges- 
tion, or diarrhea; constipated all/most of time; ulcer; piles/hem- 
orrhoids), food problems, gallbladder problems, hay fever, heart 
trouble (suspected or confirmed by doctor), high blood pres- 
sure/hypertension, lung conditions (asthma, bronchitis, emphy- 
sema; other lung problems; tuberculosis), migraine headaches, 
neurological conditions, skin trouble, stroke, thyroid disease, 
trouble with gums, mouth, or teeth, and urinary/bladder 


problems. Physical conditions were reduced to 21 chronic con- 
dition categories to prevent similar conditions from causing 
redundancy in the count variable. For example, arthritis, rheu- 
matism, other bone/joint diseases, sciatica, lumbago, and recur- 
ring backache were grouped together as ‘bone-related 
conditions’ Two variables assessing psychological problems 
were removed from the summed chronic condition variable (i.e. 
anxiety/depression and alcohol/drug problem). The remaining 
‘Yes’ responses for chronic conditions were summed for each 
wave of data collection. Health conditions from MIDUS II were 
used as a covariate in all relevant analyses. Health conditions 
at MIDUS III were used as a dependent variable in analyses. Both 
variables were winsorized at 8 to reduce skewness. 


Analyses 


To test our first and second hypotheses, we examined the direct 
effects of ELA on each outcome and mid- to late-life stress using 
linear regression modeling, as all predictors and outcomes were 
continuous. We used the PROCESS macro in SPSS (IBM Corp, 
2016; model 4) to test direct associations of ELA using ordinary 
least squares path analysis. Specifically, mediation models were 
used to assess our outcome variables, testing for emotional 
stress reactivity as an indirect pathway between ELA and out- 
comes. The model controlled for possible confounders such as 
age, sex, and income. In the MIDUS models, covariates included 
MIDUS I levels of depression and anxiety symptoms, and MIDUS 
Il health conditions and the cognitive total score based on the 
outcome assessed. Indirect effects of emotional stress reactivity 
were tested using bootstrapping methods. 


Results 


We included age, sex, and total household income as covariates in 
all analyses (see Table 1 for descriptives). All covariates were sig- 
nificantly associated with recent emotional stress reactivity (ps < 
.05); older age was significantly associated with more health con- 
ditions, and lower income was associated with more memory com- 
plaints and depressive symptoms (ps < .05). We have separated the 
results based on the sample and outcomes analyzed — model paths 


Figure 1. Cross-sectional sample mediation model. 


Note. ELA=Early life adversity. 
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reported from the cross-sectional sample correspond with Figure 
1, while the MIDUS model paths correspond with Figure 2. 


Cross-sectional survey sample 


Depression (N= 430) 

ELAs were associated with higher emotional stress reactivity (a 
path: B=0.20, p<0.001) and with higher levels of depressive 
symptoms (c' path: 8 =0.13, p = <0.003). Emotional stress reactivity 
was associated with higher depression (b path: B =0.39, p< 0.001). 
ELAs indirectly increased depressive symptoms through increased 
emotional stress reactivity (IE = .08, 95%CI = 0.042-0.123). 


Anxiety (N= 434) 

ELAs were associated with higher levels of emotional stress reac- 
tivity (a path: B =0.20, p = <0.001) and with higher anxiety (c’ path: 
B=0.10, p = 0.017). Emotional stress reactivity was significantly 
associated with higher levels of anxiety (b path: 8=0.45, p< 0.001). 
ELAs indirectly increased anxiety symptoms through increased 
emotional stress reactivity (IE=0.09, 95%CI = 0.045-0.142). 


Health conditions (N= 436) 

ELAs were associated with higher reported levels of emotional 
stress reactivity (a path: 8 = 0.20, p< 0.001) and with an increased 
number of health conditions (c’ path: B =0.12, p < .015). Recent 
emotional stress reactivity was also associated with a higher 
number of reported health conditions (b path: B =0.16, p < 0.001). 
ELAs indirectly increased health problems through increased 
emotional stress reactivity (IE=0.03, 95%CI = 0.009-0.065). 


Memory complaints (N= 409) 

ELAs were associated with higher levels of emotional stress 
reactivity (a path: B =0.20, p< 0.001), and emotional stress reac- 
tivity was significantly associated with memory complaints (b 
path: B = .18, p<0.001). Although ELAs were not directly asso- 
ciated with memory (c’ path: B = .03, p = .524), mediation anal- 
yses demonstrated that ELAs significantly influenced memory 
complaints indirectly through emotional stress reactivity 
(IE=0.04, 95%CI = 0.012-0.067). 


Depression 

Anxiety 

Cognitive Functioning 
Health Conditions 
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Table 1. Demographics. 


MIDUS sample Cross-sectional sample 
Na M (SD) Percent (%) Range N M (SD) Percent (%) Range 
Covariates & independent 
variables” 
MIDUS | age 2958 45.77 - 24-74 510 69.6 (5.51) - 54-93 
(11.26) 
Sex (male) 2944 - 44.8 - 192 - 35.2 - 
Race (Caucasian) 2655 - 93.9 - 475 - 87.2 - 
12-month household income 
Less than $10,000 118 = 4.2 = 3 - 6 - 
$10,000-$19,999 164 = 5:9 = 32 - 5.9 - 
$20,000-$29,999 248 = 8.8 = 29 - 5.3 - 
$30,000-$49,000 552 = 19.7 = 95 - 174 - 
$50,000-$74,999 565 = 20.8 = 122 - 22.4 - 
$75,000-$99,999 300 = 12.6 = 82 - 15 - 
More than $100,000 855 = 27.8 = 130 - 23.9 - 
Education 
Did not completehigh school 139 - 47 - - - - - 
High school diploma (or 748 - 25.3 - 15 - 2.8 - 
equivalent) 
Some college 657 - 22.3 - 68 - 12.5 - 
Associate's degree 226 - 7.7 - 38 - 7 - 
Bachelor's degree 759 - 25.7 - 145 - 26.6 - 
Master's degree 287 - 9.7 - 170 - 31.2 - 
Doctoral degree 138 - 4.7 - 65 - 11.9 - 
ELA 2368 1.31 (1.25) - 0-6 481 1.63 (1.81) - 0-6 
Emotional stress reactivity 2643 6.11 (2.24) - 3-12 467 1.83 (1.79) - 0-7 
MIDUS II health‘ 2656 2.17 (1.90 - 0-8 - - - - 
MIDUS | depression 2958 0.59 (1.72 - 0-7 - - - - 
MIDUS | anxiety 2958 0.12 (0.81 - 0-10 - - - - 
MIDUS II cognition4 2630 0.21 (0.95 - -2.47-3.63 - - - - 
Outcomes® 
Depression 2958 0.58 (1.67 - 0-7 481 10.87 (2.94) - 8-20 
Anxiety 2958 0.11 (0.82 - 0-10 486 7.13 (2.22) - 5-13 
Cognition 2733 0.02 (0.69 - -2.59-2.03 456 67.26 (14.58) - 31-106 
Health conditions 2514 3.01 (2.19 - 0-8 545 2.08 (1.60) - 0-5 


Note. ELA = Early life adversity. 

aMIDUS N includes all participants with complete data on at least one of the MIDUS outcome variables. 

®In the MIDUS sample, ACEs, health, recent emotional stress reactivity, depression and anxiety were used as independent variables 
assessed during Wave 2 of MIDUS data collection. 

‘Health conditions were winsorized at 8 to reduce skewness. 

dAll Wave 2 cognition composite variables were z-scored. 

eln the MIDUS sample, these outcome variables were assessed during Wave 3 of MIDUS data collection. 


Emotional Stress Reactivity 
(MIDUS II) 


Depression 
ELA Anxiety 
(MIDUS 1) Cognitive Functioning 


Health Conditions 
(MIDUS III) 


(MIDUS 1) 


MIDUS I and 
II Outcome 
Variables 


Figure 2. MIDUS national sample mediation model. 


Note. ELA = Early life adversity. MIDUS | and II Outcome Variables were used as covariates in the mediation models (i.e. MIDUS | depression, MIDUS | anxiety, MIDUS II 
health conditions, and the MIDUS II Brief Test of Adult Cognition by Telephone [BTACT] total composite score). 


MIDUS longitudinal sample 


Depression (N=2,514) 

ELAs were associated with new-onset of depressive symptoms 
at MIDUS III (c’ path: B=0.12, p<0.001) and with higher levels 
of emotional stress reactivity at MIDUS II (a path: B=0.10, 
p<0.001). Emotional stress reactivity was associated with higher 
levels of depression (b path: B =0.13, p < 0.001), and the indirect 
effect of ELA (MIDUS I) on MIDUS III depression through emo- 
tional stress reactivity was significant (IE=0.01, 95%CI = 
0.007-0.020). 


Anxiety (N=2,514) 

ELAs were associated with increased levels of anxiety at MIDUS 
Ill, (c’ path: B =0.05, p< 0.003), and with higher levels of emo- 
tional stress reactivity in middle age (a path: B=0.11, p < 0.001). 
Emotional stress reactivity was associated with higher levels of 
anxiety (b path: B =0.06, p<0.001). ELAs indirectly increased 
anxiety symptoms through increased emotional stress reactivity 
(IE=0.01, 95%CI = 0.001-0.013). 


Health conditions (N = 2,202) 

Consistent with previous literature, ELAs were significantly asso- 
ciated with new-onset of health conditions at MIDUS III (c’ path: 
B =0.06, p < 0.001). ELAs were also associated with higher emo- 
tional stress reactivity in middle age (a path: B = 0.07, p < 0.001). 
Emotional stress reactivity in middle age was associated with 
the onset of later health conditions (b path: B = 0.06, p< 0.001), 
and emotional stress reactivity in middle age mediated the 
relationship between ELAs and later health conditions 
(IE=0.005, 95%CI = 0.002-0.009). 


Cognitive functioning (N= 1,991) 

ELAs were significantly associated with higher levels of emo- 
tional stress reactivity in adulthood (a path: B =0.09, p< 0.001) 
and with lower composite scores on the MIDUS III BTACT (c’ 
path: B = -0.05, p< 0.001). Emotional stress reactivity was also 
significantly associated with lower BTACT composite scores (b 
path: B = -0.01, p< 0.003). Emotional stress reactivity in adult- 
hood mediated the relationship between ELAs and later BTACT 
composite scores (IE = —0.004, Cl = —0.007 to —0.001), even con- 
trolling for MIDUS Il BTACT composite score. Table 2 demon- 
strates the examined main effects of ELA and emotional stress 
reactivity on all outcome variables. 


Discussion 


ELA is known to impact psychopathology, physical health con- 
ditions, and cognitive function throughout the life course. The 
mechanisms through which ELA impacts mid- to late-life out- 
comes are relatively unknown. Current theories and models of 
stress and aging, such as allostatic load and the neuroimmune 
network hypothesis, posit that ELA can result in a cascade of 
physiological and emotional changes that disrupt stress 
responses and increase vulnerability to age-related disease. 
Examining mid- and late-life emotional stress reactivity as a 
mediator between ELA and later outcomes expands on current 
theories by identifying a potential point for intervention across 
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Table 2. Direct and indirect effects of key variables. 


Health 
Depression Anxiety conditions Cognition 
B/E SE B/E SE B/E SE  BAE SE 
Cross-sectional sample 
ELA (c prime path) 0.13 0.07 0.10 0.05 0.12 0.04 0.03 0.39 
Emotional stress 0.39 0.07 045 0.06 0.16 0.04 0.18 0.40 
reactivity (b 
path) 
Indirect effects 0.08 0.02 0.09 0.02 0.03 0.01 0.04 0.01 
MIDUS longitudinal sample 
ELA (c prime path) 0.12 0.03 0.05 0.01 0.06 0.03 -0.05 0.01 
Emotional stress 0.13 0.01 0.06 0.01 0.06 0.02 -0.04 0.00 
reactivity (b 
path) 
Indirect effects 0.01 0.00 0.01 0.00 0.01 0.00 -0.01 0.00 


Note. ELA = Early life adversity; SE = Standard Error; IE = Indirect Effect. 


the lifespan for individuals exposed to ELA. Thus, as a transdi- 
agnostic risk factor, ELA can potentially inform the development 
of interventions to improve physical health and cognitive resil- 
iency in addition to psychological well-being. 

In this study, we used both cross-sectional and longitudinal 
data to analyze the relationship between ELA and health out- 
comes, anxiety, depression, and cognitive functioning in mid- 
dle-aged and older adults. Through a combination of linear 
regression modeling and bootstrapping methods for mediation 
analysis, we determined that ELA was associated with an 
increase in negative, subjective experiences of stress in late-life, 
as well as increased self-reported emotional stress reactivity in 
mid- to late-life. Further, the observed subjective experiences 
of stress-mediated the deleterious effect of ELA on all outcomes 
examined - a finding we replicated across two distinct datasets. 

The results from this study are consistent with the allostatic 
load theory of disease, which suggests that early environmental 
stressors, life events, trauma, and abuse impact stress appraisals 
and physiological responses to stressful events. Over-activation 
of physiological stress-responses potentially increases oxidative 
stress, inflammation, and disruptions in normal cellular signal- 
ing (Picard, Juster, & McEwen, 2014; Picard & McEwen, 2018). 
Specifically, neuroendocrine (e.g. cortisol) and metabolic (e.g. 
blood glucose) stress mediators are associated with an increase 
in interleukin-6 (IL-6) proinflammatory cytokines and mito- 
chondrial function impairment (Picard et al., 2015). Findings 
from recent studies demonstrate a relationship between psy- 
chological stress, allostatic load, aging, and increased levels of 
circulating mtDNA, a known driver of inflammation and risk 
factor for mid to late-life health conditions, including cardio- 
vascular disease and dementia (Pinti et al., 2014; Trumpff et al., 
2019). Thus, disruptions in adult emotional responses to stress 
may result in physiological and psychological strain across the 
lifespan, increasing the risk of disease, psychopathology, and 
cognitive impairment with age (McEwen, 1998; Picard, 2011). 
Consistent with previous research, our study supports that ELA 
is a pivotal environmental stressor that may set these deleteri- 
ous stress processes into motion and set the trajectory for the 
development of age-related diseases. 

In addition to physiological changes, the effects of ELA on 
mid-and late-life emotional stress reactivity and subsequent out- 
comes may also be related to social and emotional dysregulation. 
The neuro-immune network hypothesis suggests that adverse 
outcomes related to the bidirectional relationship between 
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behaviors, emotional processes, and physiological changes are 
linked early in life (Hostinar, Nusslock, & Miller, 2018). Specifically, 
early stress exposure may lead to alterations in threat sensitivity 
in the amygdala, which combine with maladaptive coping and 
emotion regulation strategies to maintain a cycle of chronic acti- 
vation of stress systems. For example, early abuse experiences 
may lead to more negative cognitive styles and more avoidant 
coping mechanisms, leading to greater social conflict as an adult 
(Kuyken & Brewin, 1999). Further, ELA may also increase the like- 
lihood of poor health behaviors, such as substance use, unhealthy 
nutrition, and reduced exercise (Windle et al., 2018), which may 
further exacerbate chronic inflammation through biological 
pathways. Thus, the behavioral and emotional consequences of 
ELA likely play an integral role in promoting higher levels of stress 
across the lifespan, indirectly influencing a range of health and 
psychological outcomes later in life. 

Our data provide evidence to support the potential long- 
term impact of ELA on psychological well-being, physical 
health, and cognitive functioning. Specifically, emotional stress 
reactivity may play a role as a transdiagnostic risk factor that 
persists across the lifespan. The potential implications of this 
finding are significant for intervention development and test- 
ing in older adults. For example, existing behavioral interven- 
tions using emotion regulation strategies to reduce emotional 
stress reactivity in specific psychiatric populations (e.g. 
Borderline Personality Disorder, Depression, and Anxiety) and 
are effective across age groups (Gratz & Gunderson, 2006; 
Prakash, Hussain, & Schirda, 2015). Based on our results, emo- 
tion regulation strategies may serve as an effective intervention 
to improve physical health and cognitive function throughout 
the life course in addition to current psychological applications. 
Future studies are needed to test the effectiveness of such 
interventions on late-life physiological and cognitive outcomes. 


Limitations 


Several limitations associated with our study warrant mention. 
First, the population of both samples examined is mostly White 
and consists of individuals with higher than average levels of 
education. Thus, our findings may not fully generalize to 
minority and disadvantaged populations at higher risk for spe- 
cific health conditions. Additionally, our analysis of outcomes 
specific to ELA and emotional stress reactivity in the current 
study depended on available measures from secondary data. 
Although associated with expected correlates, these measures 
were brief, subjective, and did not provide the sensitivity and 
specificity needed for intervention development. For ELA, we 
chose to examine a traditional, retrospective and cumulative 
indicator. 

Regarding retrospective self-reports, previous studies have 
noted that retrospective reporting of ELA may lead to underre- 
porting (Femina, Yeager, & Lewis, 1990; Williams, 1995), although 
adult reports are generally reliable (Dube, Williamson, 
Thompson, Felitti, & Anda, 2004) and strongly correlate with 
prospective reports (Reuben et al., 2016). Concerning the adver- 
sities included in our count variable of ELAs, some researchers 
have pointed out that the conventional childhood adversity 
counts may exclude important adverse experiences of various 
minority groups, such as discrimination or environmental fac- 
tors, such as neighborhood safety (see Cronholm et al., 2015). 
Further, we acknowledge that our outcome measures of depres- 
sion, anxiety, and cognition were not designed to provide 


clinical cutoffs, but rather capture symptom experience. Thus, 
it is difficult to determine to fully extend our findings to indi- 
viduals with diagnosable psychopathology and neurocognitive 
disorders. 


Conclusions and future directions 


In sum, our multi-sample study found that the relationship 
between ELA and age-related psychological well-being, phys- 
ical health, and cognitive functioning is mediated by emotional 
stress reactivity in middle age and older adulthood. Our find- 
ings indicated that emotional stress reactivity might provide a 
point for intervention across the lifespan for individuals 
exposed to ELA. 

Future studies will build on our current results to identify 
measures of stress that increase specificity and objectivity. For 
example, which types of stress best predict cellular damage in 
older adults, as well as subjective and objective measures of 
depression and memory, are relatively unknown. As our findings 
corroborate relationships proposed in the allostatic load theory 
of stress and disease, targeted biomarkers such as cortisol and 
mitochondrial DNA can be further investigated within the con- 
text of ELA and emotional stress reactivity. Specific studies on 
ethnically and racially underrepresented populations can 
expand on these results to identify culturally specific risk and 
protective factors of stress and age-related disease and cogni- 
tive function. Results from this and future studies can build 
toward the development of targeted interventions to improve 
emotional regulation throughout the lifespan in order to reduce 
the risk for pathology in mid- to late-life. Overall, the present 
study adds to our understanding of the long-term impact of 
ELA and advances our understanding of the mechanisms under- 
lying age-related disease and cognitive function. 
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